In populations with male mate-choice copying, males may mitigate their risk of sexual competition by reducing their preference for a particular female in the presence of sexual rivals (audience). Because of the cost of missed mating opportunities from such an audience effect, males should reduce their mating preference to a greater extent in the presence of more sexually competitive rivals compared with less competitive ones. We tested this hypothesis using the Trinidadian guppy (Poecilia reticulata). We compared a focal male's baseline mating preference for either of 2 stimulus females, which differed in overall body size, in the absence of any sexual rival to his preference for the same females in the presence of a sexual rival using dichotomous-choice tests. Focal and audience males differed in body length and proportion of their body covered in orange and black pigmentation. In the presence of a larger rival, focal males exhibited a greater reduction in preference for their initially preferred female compared to focal males in the presence of a smaller rival, irrespective of whether the latter male was more or less ornamented than the focal. The strength of the initial mating preference of focal males and the magnitude of the audience effect were significantly positively correlated when the audience male was larger than the focal male. Male guppies are thus sensitive to the phenotype of nearby males and alter their preference for a particular mate to a greater extent in the presence of relatively larger eavesdropping males compared to smaller ones.
INTRODUCTION
The social environment can shape the behavior of animals, with important implications for their fitness, sexual selection and social evolution (e.g., Wolf et al. 1999; McGlothlin et al. 2010; Oh and Badyaev 2010; Mautz and Jennions 2011; Callander et al. 2013; Gasparini et al. 2013 ). In such environments, individuals may supplement their own personal information about local ecological conditions with public information (sensu Danchin et al. 2004 ) by eavesdropping on social interactions between other animals and their behavior (Valone 2007) . In doing so, bystanding eavesdroppers are thus able to acquire relatively inexpensive public information, which they may later use in making their own behavioral decisions (Valone 2007) . For example, with public information acquired through eavesdropping, an individual may decide to copy the behavior of other individuals or to behave independently (Valone 2007; Nordell and Valone 1998; Danchin et al. 2004; Witte et al. 2015) . While copying the behavior of another individual (i.e., the demonstrator) can provide benefits to the copier (e.g., reduced sampling costs), there can also be associated costs with copying for both the demonstrator and copier, such as increased resource competition and risk of sperm competition (Nöbel and Witte 2013; Dubois 2015; Witte et al. 2015; Castellano et al. 2016) . When demonstrators and eavesdroppers compete for the same limited resources (e.g., mates and food), demonstrators could benefit from withholding or reducing social information, generated either inadvertently or intentionally through their actions, so as to limit or prevent the use of social information by eavesdroppers who could otherwise use such information to copy the demonstrators' behavioral decisions (Dubois 2015) . Therefore, in the presence of eavesdropping competitors, demonstrator individuals should be expected to adjust their behavior in a manner that minimizes potential costs associated with being copied (Nordell and Valone 1998; Dubois 2015; Castellano et al. 2016) . A change in the behavior of a focal animal in response to the presence of noninteracting bystanders is referred to as an audience effect (Dablesteen 2005) .
Audience effects have been documented for a variety of contexts, including foraging, predator avoidance and mate choice (e.g., Evans and Marler 1994; Pollick et al. 2005 ; Le Roux et al. 2008 ; Dubois and Belzile 2012; Dzieweczynski et al. 2005) . Audience effects are relatively common in polygamous or promiscuous mating systems species wherein individuals have opportunities to observe the mating behavior of others and to copy their mate choice under certain conditions (e.g., Dugatkin 1992; Dugatkin and Godin 1992; Schlupp and Ryan 1997; Ryan 1998, Witte 2006a; . An increasing body of work, mainly on polygamous fishes, has demonstrated that the mere presence of an audience of 1 or more sexual competitors can influence a male's mating preference (e.g., Dzieweczynski et al. 2005; Plath et al. 2008a Plath et al. , 2008b Plath et al. , 2009 Ziege et al. 2008 Ziege et al. , 2009 Dzieweczynski and Walsh 2010; Mautz and Jennions 2011; and sperm allocation strategy (Nöbel and Witte 2013) .
Despite growing interest in the effects of a rival male audience on male mating preferences, relatively little is known about the potential influence of differences in phenotype between eavesdropping bystanders (the audience) and demonstrators or actors (individuals at risk of being copied) on the magnitude of such audience effects (but see Dzieweczynski and Walsh 2010 , Bierbach et al. 2011b . Of particular interest in this context is how the perceived sexual attractiveness and/or sexual competitive ability of a rival audience male influences the extent to which a focal male (the demonstrator) alters his mating preference. For example, male Atlantic mollies (Poecilia mexicana) reduce their initial mating preference for a particular female to a greater extent when in the presence of a familiar, sexually active and larger conspecific male (Bierbach et al. 2011b) , and bolder males exhibit a greater audience effect than shyer ones (Bierbach et al. 2015) . However, altering one's mating preference for a particular female in response to an audience can potentially be costly if it results in an increased likelihood of being subsequently rejected as a mate by that same female (Castellano et al. 2016) . Therefore, if males flexibly adjust their mating behavior in response to a perceived risk of pre or postcopulatory sexual competition, then they should do so in a cautious, graded manner that reflects an optimal trade-off between the cost of being copied by an audience (i.e., increased risk of sperm competition) and the cost of being subsequently rejected as a mate by one's initially preferred female (Dubois 2015; Castellano et al. 2016) . We hypothesize that selection should thus favor males who are sensitive to the phenotypes of nearby audience male rivals (the audience) and who strategically modify their mating preference for an initially preferred female depending on the relative sexual attractiveness and/ or sexual competitiveness of any nearby sexual male rival. Here, we used the Trinidadian guppy (P. reticulata) as a model species to experimentally test this hypothesis.
The guppy is an important model species for the study of mate choice and sexual selection (Houde 1997) . It is an internally fertilizing, live-bearing poeciliid fish (Houde 1997 ) that lives in highly dynamic mixed-sex shoals, wherein both males and females exhibit mutual mate choice in a nonresource-based, promiscuous mating system (Houde 1997) . Adult males and females are sexually dimorphic, with males being smaller and more colorful than females, which are not ornamented and uniformly pale olive (Houde 1997) . Males prefer larger (more fecund) and sexually receptive females (Reynolds and Gross 1992; Endler and Houde 1995; Herdman et al. 2004; Guevara-Fiore et al. 2009; Jeswiet et al. 2012; Godin and Auld 2013) . Females generally favor males with greater amounts of orange pigmentation in both precopulatory mate choice (e.g., Long and Houde 1989; Houde 1997; Kodric-Brown and Nicoletto 2001; Brooks 2002 ) and postcopulatory cryptic female choice (e.g., Evans et al. 2003; Pilastro et al. 2004 ) and also prefer larger males over smaller ones as mates (e.g., Reynolds and Gross 1992; Endler and Houde 1995; Herdman et al. 2004; Jeswiet et al. 2012) . Most adult female guppies are multiply mated and males thus experience very high levels of sexual and sperm competition in natural populations (Kelly et al. 1999; Neff et al. 2008; . Consequently, male guppies are sensitive to perceived ambient changes in their risks of sexual and sperm competition (Dosen and Montgomerie 2004; Jeswiet et al. , 2012 , including the presence of an audience of 1 or more rival males (Makowicz et al. 2010b; Bierbach et al. 2013; . This is as expected for species wherein females mate multiply and some degree of last-male sperm precedence occurs (Dubois 2015) , such as in the guppy (Evans and Magurran 2001; Neff and Wahl 2004) .
In the presence of an audience of either 1 or 2 potential sexual competitors, male guppies reduce their preference for an initially preferred female (Makowicz et al. 2010b; Bierbach et al. 2013; , presumably to minimize the risk of another male copying their mate choice which in turn would potentially elevate the risk of sperm competition and decrease their share of paternity. We previously demonstrated that this audience effect on male mating preferences in the guppy is not simply the result of any temporal spontaneous changes in male mating preference, but rather is specific to an audience of conspecific male and not to a general disturbance effect of any fish being present near the focal male . Male guppies vary in the extent to which they alter their mating preference in the presence of a sexual rival (e.g., Makowicz et al. 2010a; . Sexual rivals also vary both in their ability to attract and mate with females and the ability of their sperm to fertilize eggs (Brooks and Endler 2001; Brooks 2002; Pilastro et al. 2002; Locatello et al. 2006; .
In our study population in Trinidad, large and/or colorful males are expected to be more sexually attractive and competitive than smaller and/or drabber males because females prefer larger and more colorful males as mates (Magellan et al. 2005; ; but see Schwartz and Hendry 2007) and more colorful males (possessing more orange and black color on their body) produce faster and more viable sperm than drabber males (Locatello et al. 2006) , suggesting that more colorful males have a competitive advantage in sperm competition over less ornamented ones. Such a positive relationship between male color ornamentation and sperm quality has also been observed in 3 other Trinidadian guppy populations (Locatello et al. 2006; Pitcher et al. 2007 ), but not in an Australian population (Evans 2010) and a pond population in the United Kingdom (Skinner and Watt 2007) . Irrespective of body coloration, large male guppies might also outcompete smaller rival males for access to females through sneak copulation, because burst swimming and body rotational velocities are positively correlated with body size in this species (Ghalambor et al. 2004 ).
In the current study, we therefore employed the differences in these 2 sexually selected traits (body length and body coloration) between focal and audience males as proxy measures of their relative sexual attractiveness to females and their sexual competitiveness. We used the sequential dichotomous-choice test paradigm to test for an effect of an audience (1 rival conspecific male) on the mating preference of focal male guppies for either a large or a small stimulus female. Dichotomous-choice tests are commonly used to assess mate choice in animals (e.g. Jeswiet and Godin 2011). For each mate choice trial, we experimentally varied the perceived sexual attractiveness and/or sexual competitiveness of the audience male, as measured by his body length and body coloration (amount of orange and black color on his body), relative to that of the focal male to ascertain whether the magnitude of any observed audience effect is dependent on the relative difference in the sexual phenotype of focal and audience males. We predicted that (i) focal males should on average exhibit an initial preference for the larger (i.e., potentially more fecund, Reznick and Endler 1982; Kelly et al. 1999; Herdman et al. 2004) of 2 available stimulus females, (ii) focal males should reduce their initial preference for a particular female in the presence of an audience rival male compared with its absence (i.e., exhibit an audience effect), and (iii) the magnitude of any observed audience effect should increase as a function of both the differences in the body length and/or coloration between the audience and focal males and the strength of the focal male's initial preference for a particular stimulus female, which we assume is indicative of his assessment of that female's reproductive value and the potential cost of lost paternity if his mate choice is copied by an eavesdropping rival male (Dosen and Montgomerie 2004; Jeswiet et al. 2012; Godin and Auld 2013) .
METHODS

Study subjects and holding conditions
Study subjects were wild adult guppies collected haphazardly by hand seining from the Upper Aripo River (Naranjo tributary), Trinidad, West Indies (10°41'70"N, 61°14'40"W), a low-predation population (Croft et al. 2006) . The fish were transported to a laboratory at the University of the West Indies, St. Augustine and held in mixed-sex aquaria (~100 L) filled with filtered aged tap water (24-26 °C) and illuminated overhead with fluorescent lighting and diffused natural lighting. All guppies were preventatively treated with Melafix TM , Pimafix TM , and LifeBearer TM upon arrival at the laboratory to prevent any potential outbreak of bacterial, fungal or parasitic infection. We fed them ad libitum 2-3 times daily with commercial flake food (Nutrafin TM ) and live brine shrimp nauplii (Artemia franciscana). The fish were acclimatized to their holding aquaria for at least 2 days before being used in any behavioral trials.
Following Dosen and Montgomerie (2004) , , we used pregnant females, who are relatively unresponsive to male courtship and copulation attempts (Houde 1997) , as stimulus fish to ensure that male mate choice would not be confounded by female responses to male sexual activity and to minimize variation in male behavior caused by any differences in female reproductive state. We thus controlled for potential effects of female reproductive state and sexual receptivity on male mating preferences in all trials. Trinidadian male guppies sexually pursue, court and attempt to mate with pregnant females in both the wild and the laboratory (Houde 1997; Guevara-Fiore et al. 2009; Godin and Auld 2013) and can successfully inseminate unreceptive pregnant females through forced sneak copulations (Pilastro and Bisazza 1999; Evans et al. 2003) and sire offspring (Kelly et al. 1999; Herdman et al. 2004; Neff at al. 2008) .
The evening before each trial, a required number of guppies was dip-netted from their mixed-sex holding aquaria and placed into separate male-only and female-only holding aquaria. Males and females were thus temporarily kept in separate unisex aquaria prior to testing to ensure that all fish were similarly motivated to mate. Since guppies can become familiar with each other after 12 days of association (Griffiths and Magurran 1997) , and social familiarity can potentially affect mate choice in both the absence (Hughes et al. 1999; Kelley et al. 1999 ) and presence of an audience (Bierbach et al. 2011b) , the males and females used in any given mate choice trial were taken from different holding aquaria and were presumably unfamiliar with each other prior to testing. We cannot exclude the possibility of social familiarity among fish used in any given behavioral trial owing to their (unknown) natural social experiences prior to being collected in the field. However, this is very unlikely because our test fish were collected from several pools along a ~200-m section of the Upper Aripo River (Naranjo tributary) over a period of about 2 months, and the collections were mixed and the fish randomly placed in several holding aquaria in the laboratory upon arrival from the field. Moreover, male and female guppies move between pools and shoals in the wild (Croft et al. 2003a (Croft et al. , 2003b light. Vertical lines drawn on the front and back walls of the test aquarium demarcated a 10-cm wide male mating preference zone near each of the end compartments. The back wall of the central aquarium and the 3 external sides of the end compartments were covered externally with tan paper to reduce external disturbances and to provide a uniform background. The behavior of focal males was observed from behind a blind.
Experimental apparatus
Experimental protocol
Our experiment comprised 4 treatments, which differed only in the body length and/or body coloration of the audience male relative to the body length and coloration of the focal male (Table 1) . We manipulated the sexual attractiveness and/or competitiveness of the audience male in any given mate choice trial by preselecting the audience male to be either smaller and less colorful than the focal male (Treatment 1), smaller but more colorful than the focal male (Treatment 2), larger but less colorful than the focal male (Treatment 3), or larger and more colorful than the focal male (Treatment 4). Males were initially measured for their standard body length using a metric scale and their body coloration assessed as closely as possible (by eye, but later confirmed from analysis of their digital photograph; see below) and categorized into 1 of the 4 treatments ( Table 1) . The above treatment combinations of body length and coloration for the audience males reflect their occurrence in nature, as these 2 phenotypic traits in wild male guppies in our study population are highly variable, normally distributed and covary only weakly (r = 0.152, n = 672; Auge et al. 2016 ). The 4 experimental treatments are thus designed to test for an audience effect on the mating preference of focal males and whether the magnitude of any observed audience effect is influenced by the relative differences in sexual attractiveness and/or competitiveness of the focal and audience males, as measured by differences in their body length and body coloration (cf. Introduction). Our protocol testing for an audience effect generally followed that of . Briefly, for all treatments, a given trial consisted of 2 consecutive 20-min testing phases: (i) an initial mating preference test (Preference Test 1) to establish the baseline preference of the focal male in the absence of any audience, and (ii) a second preference test (Preference Test 2) with an audience male present (Figure 1 ) to test for an audience effect. Therefore, each focal male was tested twice for his mating preference (i.e., in absence vs. presence of 1 audience male). We did not include a no-audience treatment in this experimental design, because we had previously used such a control treatment in a related experiment with similar apparatus and procedures to demonstrate that wild-caught Trinidadian male guppies from our current study population are consistent (over time) in their mating preferences between 2 consecutive preference tests in the absence of an audience male. Similarly, in the absence of sexual competitors, we previously showed that the mating preferences of individual male guppies for larger females in this same population are consistent and highly repeatable (Godin and Auld 2013) .
All 4 treatments shared a common procedure as follows. A mate choice trial consisted of initially placing a focal male into a clear Plexiglas cylinder (7 cm diameter) located in the center of the test aquarium and randomly placing 1 stimulus female into each of the 2 end compartments of the apparatus (Figure 1a ). Paired stimulus females were chosen to differ in standard body length by 17.2 ± 0.005% overall (mean ± SE, see Table 1 ) to promote male discrimination between the females and to elicit a choice from the male Godin and Auld 2013) , but matched as closely as possible for their degree of abdominal distension (assessed by eye) to control for stage of pregnancy (Houde 1997) . We alternated between trials whether the large female was initially placed in the left or right end compartment. The fish were left undisturbed for a 10-min acclimatization period, during which opaque screens prevented visual contact between the focal male and the stimulus females. Following acclimatization, we removed the opaque screens and allowed the focal male (constrained in the clear central cylinder) to observe the stimulus females in their respective end compartments for 10 min (viewing period). After this period, we released the focal male from the central cylinder and allowed him to "choose" between the 2 stimulus females for 10 min. Following Herdman et al. (2004) , we recorded the time that the focal male spent in the preference zone near each stimulus female, and facing (0 ± 90°) the stimulus fish, as a proxy measure of his initial (baseline) mating preference in the absence of an audience (Preference Test 1). Such association time in dichotomous-choice test is a known reliable predictor of mating preference in the guppy (Dugatkin and Godin 1992; and other species (Witte 2006b, Lehtonen and Lindström 2008; Walling et al. 2010) . Immediately following this first 10-min test, we replaced the opaque screens, gently dipnetted the focal male and placed him into the central cylinder. We then switched the positions of the 2 end compartments to control for any potential side bias in the male's preference behavior. After 5 min of acclimatization, we removed the screens, released the male from the cylinder, and scored his mating preference for a second 10-min period. Thus, the mating preference of the focal male was quantified over a total of 20 min (i.e., Preference Test 1) and expressed as the proportion of his total association time (summed over the paired stimulus females) that he spent near either of the females. A side bias was deemed to have occurred if a focal male spent more than 80% of his total association time on one side or the other (cf. Schlupp and Ryan 1997) . We discarded any trial in which a focal male exhibited a side bias. The preferred stimulus female was considered the one with whom the focal male spent more than 50% of his total association time. This criterion, or slight variants of it, for mating preference is commonly used for poeciliid fishes (e.g., Bisazza et al. 1989; Dosen and Montgomerie 2004; Plath et al. 2008c; and is a strong predictor of mating effort and mate choice in the guppy (Dugatkin and Godin 1992; and other species (e.g., Witte 2006b, Lehtonen and Lindström 2008; Walling et al. 2010) .
Immediately following Preference Test 1, we replaced the opaque screens and placed the focal male in the central cylinder. We then introduced an audience male of a known body length and color phenotype combination (depending on the treatment, Table 1 ) into another clear Plexiglas cylinder (7 cm diam.) adjacent to the focal male cylinder in the center of the test aquarium and equidistant between the 2 stimulus females (Figure 1b) . Following a 5-min acclimatization period, we removed the opaque screens and allowed the focal male (whilst still in the cylinder) to view the stimulus females and the audience male for 5 min. At the end of this viewing period, we released the focal male from his cylinder and recorded his mating preference for another 20 min in the presence of an audience of 1 rival male (i.e., Preference Test 2). The audience male remained in his cylinder throughout this mating preference test. Preference Test 2 was carried out exactly the same as Preference Test 1, except for the inclusion an audience male. We quantified the mating preference of the focal male for either of the paired stimulus females as described for Preference Test 1.
Trials for the 4 audience treatments were carried out in random order. We tested 47, 27, 50, and 41 focal males (that showed no side bias) in Treatments 1, 2, 3, and 4, respectively, for a total of 165 trials (Table 1 ). An additional 59 males showed side biases in Preference Test 1 and were thus excluded from further analysis. We used different audience males and stimulus females for each trial. None of the fish were reused.
Male body length and color measurements
At the end of each trial, all fish were lightly anaesthetized with MS-222 and their left side photographed next to a ruler using a digital camera. From the photographs, we measured the standard body length and area of the left side of the body (excluding the fins) for all fish, and the body coloration patterns of the males using Image J software (http://rsbweb.nih.gov/ij/). We quantified the areas of orange and black pigmentation on the left side of each male's body, excluding the fins. A male's body color score was expressed as the relative area of total body color (orange area + black area/total body area) to control for variation in male body size.
Data analysis
We first tested whether focal males exhibited an overall initial mating preference for the larger stimulus female in Preference Test 1 across all 4 treatments by comparing the observed proportion of their total association time spent near the larger female against that expected by chance (i.e., 50%) using a 1-sample t-test, and complementarily comparing the number of males categorized as preferring the large females versus that preferring the smaller female using the G-test (Signorell 2015) . Second, to ascertain whether males modified their initial mating preference in the presence of an audience, we compared the proportion of total association time individual focal males spent with their initially preferred female in Preference Test 1 (no audience) to that in Preference Test 2 (audience present) using the paired t-test for each treatment separately. Third, to compare the magnitude of any observed audience effect across treatments, we calculated for each focal male a difference score for any change in mating preference between the matched preference tests [Difference score = (Proportion of time near the initially preferred female in Preference Test 2 − Proportion of time near the initially preferred female in Preference Test 1)], following . A negative value here denotes a decrease in the proportion of time a focal male spent with the initially preferred female, and thus an increased relative preference for the other female, in the second preference test during the presence of an audience male (taken as evidence for an audience effect).
Fourth, we used a linear model to test for potential effects of treatment and the strength of the mating preference of focal males for their initially preferred female (in Preference Test 1), and their interaction, on the magnitude of the audience effect (as measured by the difference score of individual focal males). We also included in the model the standard body length and color score of focal males as covariates. In a post hoc analysis of the model's fitted values, we compared mean difference scores among treatments using a 1-way Anova to control for differences attributable to an interaction effect between treatment and the proportion of time males spent with their initially preferred female, followed by paired t-tests to test for pairwise differences in the magnitude of the audience effect between treatments. We used the BenjaminiHochberg method (Benjamini and Hochberg 1995) to control for false discovery rate related to the multiple paired t-tests. Using a linear model that included the proportion of time spent with the initially preferred female in Preference Test 1 and the difference in the color score of paired focal and audience males as a covariate, we then tested for an overall relationship between the model-fitted values for the preference difference scores of individual focal males and the differences in body length between the focal and audience males. Lastly, we correlated each focal male's difference score with his initial mating preference score (for Preference Test 1), and calculated confidence intervals for the correlation coefficient, using the R package "compute.es" (Del Re 2013) for each treatment separately. Residuals from the models were normally distributed, as determined from Q-Q plots.
All t-tests used were 2-tailed and all statistical analyses were carried out in the R statistical framework (R Core Team 2014).
Ethical note
Our study was approved by the institutional Animal Care Committee at Carleton University (protocol #12157) and thus meets the guidelines for the care and use of research animals of the Animal Behavior Society and the Canadian Council on Animal Care and the laws of Canada.
RESULTS
Male guppies exhibited strong initial mating preferences for one or the other of the paired stimulus females in Preference Test 1 (Figure 2a) . Overall across all treatments, focal males spent a greater proportion of their total association time with the larger of the paired females (mean ± SE = 0.55 ± 0.02) in Preference Test 1 than would be expected by chance (1-sample t-test: t 164 = 2.67, P < 0.008), and correspondingly significantly more males (95 out of 165; 29/47, 18/27, 25/50, and 23/41 in Treatments 1-4, respectively) categorically preferred the large over the smaller female than expected by chance (G-test: G adj 1 = 3.80, P = 0.05), thereby demonstrating an overall initial baseline male mating preference for the larger female as expected a priori.
Males reduced, but not significantly so (paired t-test: t 26 = 1.83, P = 0.08; Figure 2a) , their initial mating preference for a particular female while being observed by a sexual rival who was smaller and more ornamented than themselves (Treatment 2). For the other 3 treatments in comparison, males did significantly reduce their preference for their initially preferred female in the presence of an audience male who was either smaller and less ornamented (t 46 = 2.95, P = 0.005), larger and more ornamented (t 40 = 3.17, P = 0.003), or larger and less ornamented (t 49 = 6.15, P < 0.001) than themselves. So a strong audience effect was observed in 3 of the 4 treatments ( Figure 2 ).
As expected, the magnitude of any observed change in a male's preference for a given female in Preference Test 2 compared to his preference for that same female in Preference Test 1 (= difference score) varied among audience treatments (linear model: F 3,161 = 2.92, P = 0.04; Figure 2b ). There was no significant effect of the body length (linear model: 
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Figure 2
Comparison of the initial mating preference of focal males for 1 of the 2 stimulus females presented in the absence of an audience male (Preference Test 1) compared to their preference for the same female in the presence of an eavesdropping audience male (Preference Test 2), who was either smaller and less colorful (Treatment 1), smaller and more colorful (Treatment 2), larger and less colorful (Treatment 3) or larger and more colorful (Treatment 4) than the focal male. The mating preferences of focal males are shown using 2 measures: (a) mean ± SE proportion of time that focal males spent associating with the initially preferred female in Preference Test 1 (open bar) and Preference Test 2 (filled bar); (b) mean (± SE) preference difference score between Preference Test 2 and Preference Test 1 (a negative value denotes a decrease in the focal male's preference for the initially preferred female in Preference Test 2 calculated from linear model fitted values). Histogram bars with dissimilar letters are significantly different (P < 0.05) from each other. their difference scores. However, there was a significant effect of the initial mating preference score of focal males (linear model: F 3,161 = 21.11, P < 0.001), and a significant interaction between the latter variable and the phenotype of the audience male (linear model: F 3,161 = 3.37, P = 0.02), on observed difference scores. Because of this statistical interaction, we controlled for differences in the initial strength of male mating preferences among treatments by running an ANOVA on the linear model's fitted values, which confirmed that observed difference scores (= magnitude of audience effect) varied significantly among treatments (1-way Anova: F 3,161 = 14.45, P < 0.001; Figure 2b ). Post hoc pairwise comparisons of mean difference scores (Figure 2b ) revealed that focal males reduced their initial preference for a given female to a significantly greater degree when the audience male was relatively larger than themselves (Treatments 3 and 4) compared to when the audience male was smaller (Treatments 1 and 2), irrespective of whether the audience was more or less color ornamented. Surprisingly, the magnitude of the audience effect was greater (P = 0.03) when the audience male was smaller and less color ornamented than the focal male (Treatment 1) compared to when the audience was smaller and more color ornamented (Treatment 2). There was no significant difference (P = 0.08) in the magnitude of the audience effect between Treatments 3 and 4 (Figure 2b ). Corroborating this result (Figure 2b ), we observed an overall significant positive relationship (linear regression: F 1,163 = 24.38, r 2 = 0.130, P < 0.0001) between the magnitude of the observed audience effect and the difference in the body length of paired focal and audience males, when statistically controlling for the strength of the male's preference for the initially preferred female and the difference in their respective body color scores, even though there remains considerable unexplained variation (Figure 3) . The audience effect is therefore increasingly greater (i.e., difference scores increasingly negative) when the audience male is increasingly larger than the focal male and vice versa when the audience male is smaller than the focal male.
The magnitude of the audience effect (i.e., difference scores) did not depend on whether the focal male initially preferred the larger or smaller of the paired stimulus females (t-test: t 1,163 = 0.09, P = 0.76). However, the difference scores of individual focal males depended on the strength of their initial mating preference for a particular female in Preference Test 1 (Figure 4) . When the audience male was relatively larger [Treatment 3 (correlation: r = −0.41, P = 0.003) and 4 (correlation: r = −0.53, P < 0.001)], this relationship was significantly negative (Figure 4) ; that is, the stronger the initial mating preference of a focal male for a particular female (in Preference Test 1), the more he subsequently reduced his preference for that same female in the presence of an audience male (i.e., the greater the difference score). There was no significant relationship when the audience male was relatively smaller than the focal [Treatments 1 (correlation: r = −0.1, P = 0.49) and 2 (correlation: r = −0.34, P = 0.08)]. The slope of the relationship was greatest when the audience males were larger than the focal males, irrespective of the relative differences in their color scores (Treatments 3 and 4).
DISCUSSION
In mating systems, such as the one exhibited by the Trinidadian guppy (Houde 1997; Kelly et al. 1999; Evans and Magurran 2001; Neff and Wahl 2004; , wherein males compete for mating access to a limited number of females that vary widely in receptivity and reproductive value and can copy the observed mating preferences of other males (i.e., demonstrators), and wherein some degree of last-male sperm precedence and sperm competition exist, demonstrators could benefit from flexibly adjusting their mating behavior so as to withhold or reduce social information about their mating preferences or mate 
Figure 4
Relationship between the initial mating preference of focal males for a particular female (in Preference Test 1) and the change in their mating preference for the initially preferred female in the presence of an audience male (Preference Test 2) who was either smaller and less colorful (Treatment 1), smaller and more colorful (Treatment 2), larger and less colorful (Treatment 3), or larger and more colorful (Treatment 4) than themselves. In each panel, the best-fit regression line and the correlation coefficient (with confidence intervals) of the relationship are shown.
choice in the presence of an audience of one or more eavesdropping sexual rivals (Nordell and Valone 1998; Dubois 2015; Castellano et al. 2016) . A known audience-mediated evasive tactic is a reduction in the initial mating preference of a focal (demonstrator) male for a particular female, and an increase in his sexual attention towards another previously nonpreferred female, in the presence of an eavesdropping audience male (e.g., Dzieweczynski et al. 2005; Plath et al. 2008a Plath et al. , 2008b Plath et al. , 2009 Ziege et al. 2008 Ziege et al. , 2009 Dzieweczynski and Walsh 2010; Mautz and Jennions 2011; Bierbach et al. 2013; .
Here, we showed that wild-caught male guppies from a low-predation population (Upper Aripo River) in Trinidad exhibited nonrandom preferences for either of 2 potential female partners that varied in body size (and thus potential fecundity) and expressed an overall initial mating preference for the larger female, even though considerable interindividual differences in preference were observed. These results are as expected and corroborate previous studies on male mate choice in Trinidadian guppies originating from different natural populations, including our current study population (Dosen and Montgomerie 2004; Herdman et al. 2004; Jeswiet et al. 2012; Godin and Auld 2013; . In the mere presence of an audience sexual rival, male guppies on average reduced their initial preference for a particular female, and correspondingly increased their association time spend near the other previously nonpreferred female, as expected; that is, they exhibited an overall audience effect on mating preferences. Similar audience-mediated adjustment in male mating preferences have been previously observed in the Trinidadian guppy (Makowicz et al. 2010b; and other poeciliid fishes (e.g., Plath et al. 2008c; Makowicz et al. 2010a; Bierbach et al. 2011a Bierbach et al. , 2011b ; but see Bierbach et al. 2012 for an exception). While males decreased their preference for their initially preferred female in the presence of an audience, overall they still spent more than 50% of their time with their initially preferred female in Preference Test 2, indicating that they retained their preference for their initially preferred female. This result is contrary to the findings of another recent study on the audience effect in this population, where most (60-70%) test males completely reversed their preference for an initially preferred female in the presence of an audience male that was similar in body length and color ornamentation to the focal male .
Notwithstanding the above validating findings, the most novel results of our current study are that (i) focal male guppies responded to the presence of a nearby audience male by reducing their initial mating preference for a particular female in a graded manner, which depended on the relative differences in the expected sexual attractiveness and competitiveness of the audience and focal males (as measured by their respective body length and body coloration), and (ii) the magnitude of a focal male's response to an audience sexual rival (i.e., the audience effect) was positively correlated with both the difference between his body length and that of the audience male and the strength of his initial mating preference. Male guppies were therefore sensitive to the phenotype of a nearby audience male and reduced their initial preference for a particular mate to a greater degree in the presence of a relatively larger audience males compared to a relatively smaller one, irrespective of differences in their body coloration. With the exception of Bierbach et al.'s (2011b) recent study and our current study, such phenotypedependent audience effects on male mating preferences have hitherto not been investigated empirically. Therefore, our results above are particularly novel, important and of broad theoretical interest (Dubois 2015; Castellano et al. 2016 ).
In species with male mate-choice copying, intense sperm competition and some degree of last-male sperm precedence, such as the guppy (refs. loc. cited), an audience-mediated attenuation or reversal of the initial mating preferences of males for 1 of 2 potential mates could be adaptive if it either mitigates the costs associated with precopulatory male-male sexual competition for a preferred female ("flexible decision hypothesis", Mautz and Jennions 2011; Castellano et al. 2016) or prevents eavesdropping audience males from copying the mate choice of focal males, thereby minimizing their risk of sperm competition, by deceptively redirecting the attention of audience male rivals away from the focal males' preferred female ("deception hypothesis", Plath et al. 2008c; Bierbach et al. 2013; Dubois 2015; Castellano et al. 2016) . These 2 functional hypotheses are not necessarily mutually exclusive in our opinion. Of these hypotheses, we argue below that the deception hypothesis better explains our results overall.
Focal male guppies in the current study reduced their initial mating preference to a greater extent when the audience male was relatively larger than themselves compared to when the audience male was relatively smaller, irrespective of relative differences in their body coloration. Because of the potential fitness costs associated with being copied (i.e., elevated risk of sperm competition) and the risk of being subsequently rejected by their initially preferred females, selection should favor males who strategically adjust their mating preference in the presence of more sexually attractive and competitive audience rivals. Larger audience males are likely to be perceived as stronger sexual and sperm competitors by focal males because they are more attractive to females , produce larger quantities of sperm (Skinner and Watt 2007) and are better burst accelerators and swimmers (Odell et al. 2003) , and thus perhaps better at sneak copulations, than smaller males. If focal males were responding to a perceived risk of precopulatory sexual competition (flexible decision hypothesis), then we would expect a stronger audience effect when focal males initially preferred the larger (and potentially more fecund) of the 2 stimulus females, a preference which most males have in our study population (Godin and Auld 2013 ; current study). On the contrary, the magnitude of the audience effect did not depend on whether focal males initially preferred the larger or smaller of the paired stimulus females. Moreover, direct and actual precopulatory male-male sexual competition was not possible in our study because the audience male remained constrained in a clear cylinder in the center of the test aquarium, and thus could not physically interact with the focal male, throughout the mate choice trial. Direct physical aggression among male guppies in the wild is relatively rare and does not appear to be a significant determinant of male mating success (Houde 1997) .
Similar to our evidence for a phenotype-dependent audience effect, Bierbach et al. (2011b) found that, in the presence of an audience of potential sexual rivals, male Atlantic mollies (P. mexicana) exhibited a greater reduction in their initial mating preference when the audience male was larger and unfamiliar, or larger and known to be sexually active. Because focal and audience male guppies used in our current study were selected from different aquaria and were presumably unfamiliar with each other, it is unlikely that either social familiarity or a prior knowledge of the sexual experience of rival audience males could have influenced the magnitude of the audience effect observed in our study.
Female guppies prefer more color ornamented males , but see Schwartz and Hendry 2007) and males with more orange coloration produce faster and more viable sperm (Locatello et al. 2006) in our study population. Moreover, male guppies with more orange color in general produce more sperm (Pitcher and Evans 2001; Pitcher et al. 2007 ) and have greater insemination success (Pilastro et al. 2002) than less colorful males. Such positive relationships between male ornamentation, sperm quantity and quality, and insemination success suggest that males with greater color ornamentation should be perceived as stronger sexual and sperm competitors and thus should elicit stronger audience-mediated changes in the mating behavior of less ornamented rivals. However, contrary to our a priori prediction, focal males unexpectedly decreased their preference for their initially preferred female to a greater extent when the audience male was relatively less color ornamented than the focal male, irrespective of the relative differences in their body length.
Interestingly, individual males that had an initially strong initial mating preference for a particular female exhibited a stronger audience effect (i.e., decreased their initial preference for the initially preferred female to a greater extent) than males with weaker initial mating preferences. This result is consistent with the deception hypothesis as it suggests that the more highly a focal male values a particular female partner, the more willing he is to invest in deceptive social information that redirects the attention of a nearby audience male away from his preferred mate, so as to minimize the risks of being copied and incurring sperm competition, but at the potential cost of being subsequently ignored by his initially preferred female (lost mating opportunity cost) once the deceived audience male is no longer an immediate threat. In support of this proposition, Bierbach et al. (2013) showed that the audience effect on male mating preferences is greatest in poeciliid fish species in which males exhibit the highest level of sexual activity, suggesting that sperm competition likely drives such audience effect. Contrary to our recent study demonstrating mate-choice copying in wild-caught Trinidadian male guppies, Makowicz et al. (2010a) found that male guppies decreased their mating preference for a given female in a no-choice test in the presence of an audience compared to when no audience was present, but found no evidence that audience males subsequently copied the mate choice of the (demonstrator) male they had previously viewed mate with a female. They concluded that the risk of mate-choice copying could not be responsible for the observed audience effect in their study. Differences between their experimental design and fish provenance and ours (see details in likely account for differences in our respective findings on matechoice copying and conclusions on the importance of sperm competition risk in the evolution of male evasive responses to a rival male audience.
Residual variation in the direction and strength of change in a male's initial mating preference in the presence of a rival male audience not explained by relative differences in the phenotypes of focal and audience males may be attributable to interindividual differences in their personality and (or) past experiences. For example, in another poeciliid species (the Atlantic molly), Bierbach et al. (2015) found that under high sexual competition bolder males reduced their initial mating preference for a particular female to a greater extent than did shy males. We did not take into account potential differences in personality between male guppies in our study. Whether audience-mediated changes in the mating preferences of male guppies depend partly on their personality, as measured for example by their boldness level, is unknown and should be tested in future, given that boldness and color ornamentation are positively correlated in male guppies originating from a highpredation population in Trinidad and that females prefer bold males as mates (Godin and Dugatkin 1996) .
Overall, our results add to a growing body of evidence showing that males are sensitive to their social environment when making mating decisions and respond in a manner which presumably increases their individual reproductive success. Here, we showed that male Trinidadian guppies strategically respond to the mere presence of eavesdropping rival males based on relative differences in phenotypic traits (body length and coloration) that are known indicators of sexual attractiveness and competitiveness. Our results further highlight the importance of social information in mediating the mating decisions of males, and thus sexual selection, in polygamous species.
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